N ature has demonstrated an incredible ability to optimize the designs and behaviors of humans, animals, and plants. Many areas of engineering have tried to copy the optimality principles of nature or optimize technical properties of systems, and mathematical optimization has been a very helpful tool in this context.
To promote the use of optimization methods in robotics, the IEEE Robotics and Automation Society (RAS) Technical Committee (TC) on Model-Based Optimization for Robotics was founded and approved by the IEEE RAS Technical Activities Board and the RAS Administrative Committee in October 2012 with Cochairs Katja Mombaur, Abderrahmane Kheddar, Kensuke Harada, Thomas Buschmann, and Chris Atkeson. The TC focuses on optimization in robotics in the very general sense and, in particular, on the development and application of optimization methods for the design of robots and the generation and control of dynamic behaviors in robotics as well as their practical implementation. Optimization approaches are, in principle, applicable to any type of robot or robot behavior but are most interesting for robots with complex structures and dynamics, e.g., humanoid robots, or for high speeds, e.g., in mobile or agile manipulation (Figures 1-3 ). Optimization problems in robotics range from different tasks related to model identification (such as parameter estimation, optimum experimental design, inverse optimal control, and so on) over design optimization to optimal behavior generation (offline optimal control, model predictive control/online optimal control). Recent developments in optimization algorithms and, in particular, real-time optimization make a wider application of algorithmic optimization a realistic option even for real-time control in complex robotic applications in the near future.
There is a growing interest in optimization in the robotics community for behavior generation and control, as recent publications and workshops show. However, it can be observed that the level of optimization techniques used is often far behind the current state of the art within the optimization community and that only very simple optimization problems are solved. This prevents the optimization potential of existing robot platforms from being fully exploited, and current designs are often suboptimal. But some papers show very interesting optimization solutions for the most advanced robotic systems, even for complex tasks with impacts or varying constraints, such as weight lifting or fast walking. At the same time, it is still a major challenge to actually apply these optimal solutions robustly to real robots and to handle modeling errors and uncertainties.
Important research areas in the scope of this TC include: • the optimization-based generation of robot trajectories using dynamical models of the robot and its environment • improving the behavior style of robots by optimization, in particular for humanoid robots (induce natural behavior) • online motion control using realtime model-based optimization and model predictive control/receding horizon control • optimizing the design of robots for given tasks (parameter optimization and structural optimization) • the development of appropriate dynamical models for offline and online optimization • learning/improving models during optimization • inverse optimal control techniques for the identification of objective functions • robust optimal control and the refinement of optimal control policies based on actual experience • the combination of optimization and machine-learning approaches • the combination of optimization and path-planning methods.
TC Activities
Since its foundation in late 2012, the following activities have been pursued (continued on p. 161)
Encourage Collaboration and Leverage "Hive Mind"
Teamwork is fundamental for a leader. Being a leader is not just about you; it is about the people around you that you lead, and it is about giving them power-positive power. As a leader, it is necessary to work as a sponsor of team members to be more than a mentor to give them opportunities to grow and realize their projects. There is no formula for becoming a leader. You have to embrace what is unique and different about you. These qualities can foster diversity and innovation.
The IEEE WIE, with its events and activities, is a great channel to inspire, engage, and advance women in engineering, to share experiences of success and career growth in the industrial and academic fields to convey important lessons from women to other women and men.
Outreach Activities
Outside the RAS Several activities aim to bridge the gap between the mathematical optimization and the robotics communities via activities at major mathematical optimization and scientific computing conferences.
A minisymposium on modelbased optimization in robotics will be organized at the High Performance Scientific Computing Conference in Hanoi, Vietnam, in March 2015, which has a strong focus on optimization.
Two keynote presentations at major mathematical optimization conferences (the French-German-Polish Conference on Optimization and the European Conference on Computational Optimization) advertising robotics applications and the TC have been delivered.
Members of the TC can receive regular information via the TC's Web site and a newly established newsletter and can engage in scientific discussions. If you wish to join the TC, please send an e-mail to Katja Mombaur (kmombaur@ uni-hd.de) or join via our Web page at www.tc-opt.uni-hd.de. tc spotlight (continued from p. 25) 
